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The  f luorination  of  IQ’  and  CsF  complexes  of  C]^0  lias 

yielded  C1F,0.  Thermal  dissociation  of  KCIF,  0  occurred 
3  A 

belov  ambient  temperature  ivhile  heating  vus  required  to 

dissociate  CsClF, 0. 

>1 

Oxychlorine  trifluoride  has  also  been  prepared  from 
chlorine  nitrate  in  a  9'>-  percent  yield  by  fluorination 
of  the  complex  CsClFONO^.  The  reaction  vas  independent 
of  the  presence  of  ^2^4"  Glow  discharge  experiments  at 
-196  C  with  solid  Cl^O  and  activated  fluorine  gas  have 
resulted  in  small  quantities  of  CIF^O,  but  C1F_  and 
PCIO2  were  the  major  products. 

The  hydrolysis  of  C1P_  wiiii  potassium  fluoride  dihydrate 
and  excess  potassium  fluoride  was  carried  out  in  a  flow 
system.  No  CIF^O  was  obtained. 

The  ratio  of  CsF  to  C1F_0  in  this  complex  has  been  de¬ 
termined  to  be  1.15  wlien  using  excess  C1F_0.  Lxpori- 
ments  with  excess  CsF  also  demonstrated  an  incomplete 
attainment  of  s to ichicmci ry  indicating  unfat-orablc 
kinetics  for  the  reaction.  Reversible  dissociation 
of  the  complex  occurs  below  I50  C. 


The  basic  behavior  of  CIF^O  was  shc'..Ti  by  its  reaction 
with  PF_  and  SiF^  to  form  1:1  and  2:1  complexes  respectively 
The  reaction  cf  CIF^O  with  FNO  to  form  a  reversible 


R^5883-5 


CONFIDENTIAL 


Hi 


CONFIDENTIAL 


complex  rtemons  (.rated  its  acidic  proper!  ies.  Oxyclil  orino 
trifluoride  was  displaced  from  its  CsF  comple.x  by  C1F_ 
and  from  its  PF_  complex  with  FKO.  Vapor  pressu’e/ 
temperature  equations  for  the  CIF  O’FFIO  and  (CIF  0)gSiF 
coinplc.xes  were  obtained. 

Tlie  sxTithesis  of  C1F_0  was  attempted  by  the  fluorination 
of  CsClF^^O  and  by  the  reaction  of  KrF^  with  ClP^O,  Oxx- 
chlorine  trifluoride  was  recovered  in  each  case.  Partial 
fluorination  of  ClgO'CsF  was  investigated  as  a  route  to 
chlorosyl  fluoride  and  gave  only  traces  of  an  unidentified 
substance  thought  to  be  FCIO.  The  reduction  of  CIF^O  as 
a  possible  route  to  FCIO  was  tried  with  the  reducing 
agents  ClgO,  SO^,  Br,,,  and  BrF^. 

The  complex  of  Br20  and  CsF  has  been  fluorinated  in  hopes 
of  forming  BrF^O  or  BrF_0. 

The  fluorination  of  in  the  presence  of  CsF  was 
attempted  as  a  possible  path  to  new  F,  N,  0  compounds. 
Neither  complex  formation  nor  reaction  with  fluorine 
was  noted. 

In  an  effort  to  demonstrate  the  existence  of  mercur'’ 
hj'pochlorite  as  a  possible  intermediate  ,  reaction 
products  of  Cl^  and  HgO,  as  well  as  Cl^O  and  HgCl^. 
were  studied.  No  direct  or  reproducible  evidence 
supporting  mercury  hypochlorite  structures  was  obtained. 

(Confidential  Abstract) 
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INTRODUCTION 


Diariiig  the  present  quarter  .,  the  studies  revolving  around  oxychlorino 
trifluoride  vere  expanded.  In  addition  to  studying  the  chemistry  of  its 
formation  and  intermediates  involved,  some  attention  was  given  to  the 
chemistry  of  C1F,^0  itself. 

The  chemistry  of  C1F,^0  thus  far  is  being  pursued  in  two  ways  The  most 
important  is  the  potential  of  CIF^O  as  an  intermediate  in  both  fluorina- 
tions  and  reductions.  Accordingly,  the  results  of  RocketdjTie  studies 
in  this  connection  will  be  presented  in  detail.  Acid-base  equilibria 
involving  CIF^O  are  also  of  interest.  Some  new  .species  derived  from 
CIF^O  in  this  context  have  been  partially  characterized. 

Because  preliminary  characterization  of  ClP^O  is  complete,  more  attention 
has  been  devoted  to  seeking  other  o.xj-halogen  fluorides.  In  this  vein, 
fluorination  studies  of  Bi-gO  were  resumed. 


11-5883-5 


CONFIDENTIAL 


CONFIDENTIAL 


A  D  ^  I  5  •  C  N  or  N  C  H  W  AMERICAS  A  V  :  A  r  !  O  .N  ;  N  I 


FLOROX  STL'DIES* 

S>Tithesis  of  OxA'chlorine  Trifluoride  From 
ClrjO-Alkali  Metal  Fluoride  Complexes 


The  fluorination  of  Cl^O,  complexed  viih  alkali  metal  fluorides,  has 
continued  to  provide  the  primary  route  to  CIF^O: 

MF‘C1,^0  +  — •►C1F,0  +  MCIF.O  +  MCIF, 

2  2  3  H  'i 


Wlien  CsF  vas  used,  part  of  the  CIP^O  v/as  evolved  by  varming  to  room 
temperature.  Additional  CIF^O  as  well  as  ClF^  vas  obtained  by  tliermal 
dissociation  of  the  residual  solids. 


In  contrast,  no  additional  CIF^O  vas  evolved  when  the  products  from  the 
fluorination  of  KF’Cl^O  vere  heated  above  ambient  tomperature.  The  total 
yield  vas  obtained  by  simply  vanning  to  ambient  temperature,  blien  tlie 
other  product,  C1F_,  vas  driven  off  by  lieating,  tlie  potassium  fluoride 
could  le  reused  vitli  no  loss  of  efficiency,  similar  to  the  sat  i  s  factory 
reuse  of  CsF  in  these  fluorination  re.actions. 

Tlie  ease  of  vorlcup  from  KF-containing  f luorinntions  suggests  that 
KCIF^O  is  appreciably  dissociated  at  ambient  temperature  while  CsClF,  0 
requires  considerable  heating  for  complete  dissociation.  Moreovei’,  a 
simple  technique  for  the  separation  of  C1F_  from  CIF^O  may  be  possible 
using  ICF.  It  vas  founJ  that  CsF  vas  unsuitable  in  this  regard. 


*Unclassif ied  designation  for  C1F_U 


11-5883-5 


CONFIDENTIAL 


O 


CONFIDENTIAL 


n  o  cr  ac  E  nr  E» 


A  DIS'BsON  OF  NORTH  AMERICAN  AV  ATiOS  ISC 


a  high  conversion  of  Cl^O  to  CIF^O  was  not  achieved  using  potassiuoi 
fluoride,  reasonably  good  yields  have  been  obtained  during  initial  ex¬ 
periments.  At  first, a  yield  of  9  percent  based  on  Cl^O  was  achieved. 
Subsequent  runs  in  the  same  container  gave  yields  of  percent  based  on 

Cl.^O  and,  following  KF  regeneration,  43  percent  based  on  ICF  in  a  run  with 
excess  Cl20. 


Electric  Discharge  Fluorination  of  Solid  Cl^O 


Earlier  in  this  program,  the  use  of  electric-discharge-activated  fluorine 
was  tried  in  reactions  with  solid  C1,,0  to  achieve  the  synthesis  of  CIP^O. 
At  that  time  (Ref.  l),  it  was  observed  that  some  C1F_  w-as  found  but  no 
ClF.jO.  This  reaction  was  re-examined  using  lecirculated  fluorine  in  a 
closed-loop  system  at  low  pressures  rather  than  the  simple  flow-through 
method.  As  expected,  a  much  more  efficient  fluorination  was  achieved. 

The  yield  of  C1F_  was  approximately  45  percent  (based  on  2C1F_  for  each 
ClgO).  In  addition,  small  quantities  of  ClF^O  were  found  along  with  some 
CIF^  and  much  FCIO^* 

Therefore,  with  the  incorporation  of  this  improved  technique,  the  general 

utility  of  the  electric  discharge  flu' rination  process  has  been  improved 

and  made  more  efficient.  Also,  it  is  expected  that  this  activated  gas 

solid  reaction  method  might  now  be  employed  to  demonstrate  the  synthesis 

of  other  highly  fluorinated  species,  in  particular  C1F_0. 

0 

CIF^O  ,  Fg*  —  ^  CIF_0  (1) 
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Synthesis  of  Oxyehlorine  Triflnoride  from  CION’O^ 


Two  uddiiional  syntlieses  of  CIF^O  via  CINO^,  (’aF,  and  have  beer,  con¬ 
ducted  in  the  aomc  jnanner  as  reported  previously  (Ref.  2).  The  first, 
employing  previously  used  CsF,  gave  no  product.  The  second,  utilizing 
fresh  CsF,  gave  a  95+  percent  yield  of  CIF^O.  In  this  reaction,  it  was 
noted  that  some  of  the  CIF^O  was  obtained  as  part  of  the  volatile  species, 
whereas  in  the  past,  it  was  observed  only  on  pyrolysis  of  the  solids  left 
after  completion  of  the  f luorination.  Kitryl  fluoride  was  the  only  other 
major  product  obtained,  thus  confirming  the  postulated  reaction  sequence: 


CIONO^  +  CsF— - *.^...Z^S.^C8F-C10y0^  (2) 

CsF'ClONOg  +  2F2 - -9  .VcsF-ClF^O  +  FN'O^  (3) 

A 

CsF'ClF^O - ►CIP^O  +  CsF  (k) 


It  is  also  noteworthy  that  the  CINO^  employed  in  this  high-yield  CIF^O 
synthesis  was  contaminated  with  NO^.  The  NO^  impurity  had  no  detrimental 
effect  other  than  to  consume  fluorine  in  being  converted  to  FNO,^. 


Hj'drolvsis  of  CIF.  With  Potassium  Fluoride  Hvdratc 

_ _ ') _ 


Previous  attempts  (Ref.  3)  to  produce  CIF^O  by  hydrolysis  of  CIF^.  have 
unsuccessfully  utilized  metal  fluoride  hydrates.  Because  HF  is  a  product 
of  such  a  reaction  it  may  have  been  detrimental  to  the  formation  of  CIF^O; 


HF  +  CIF^O. 


. -CIF,  OH. 
a 


'1/  2  CIF,. 


1/2  FCIO  +  HF 


(5) 
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Thorpfnro.  tho  rPnrTion  wan  rpnaarpi)  iisin(T  TIF  ,  KT-^H  0.  and  a  laree 
excess  of  KF  so  that  the  HF  formed  would  be  tied  up  as  KHF^.  Chlorine 
pontaf luoride  at  hO-mra  pressure  was  passed  through  a  10:1  powdered  mixture 
of  KF  and  KF‘2H^0  in  a  Kel-F  flow  reactor.  The  first  reaction  yielded 
FCIO^,  FClOg,  Clgi  and  noncondensibles.  The  second  reaction  gave  mostly 
FClOg  and  small  amounts  of  FCIO^. 

The  third  reaction  gave  FClO^  and  unreacted  C1F_.  The  reactivity  of 
CIF^O,  if  formed,  is  apparently  greater  witli  metal  fluoride  hydrates 
than  is  C1F_. 


Studies  of  the  Cesium  Ox>'chlorine  Tetraf luoride  Complex 


The  reversible  nature  of  the  CsF-CIF^O  system  has  been  reported  (Ref.  2), 


R.T. 


CIF-O  +  CsF  V  '■ 

^  A 


Cs  CIF,  0 
4 


(6) 


However,  no  information  regarding  the  actual  stoichiometry  was  obtained 
because  all  the  earlier  experiments  were  conducted  with  a  large  molar 
excess  01  CsF.  bTien  the  complex  formation  was  carried  out  using  measured 
amounts  of  CsF  and  CIF^O,  and  with  an  excess  of  the  latter,  an  experimental 
composition  CsF^  j_-ClF^0  was  obtained.  This  composition  is  reasonably 
close  to  a  1:1  complex,  especially  considering  the  problem  of  solid/liquid 
contact. 


The  formation  of  cesium  oxychlorine  tetrafluoride  was  also  examined  using 
excess  CsF  racher  than  excess  CIF^O.  After  3  days  at  ambient  i.emperature , 
83  percent  of  the  CIF^O  was  complexed  and  after  3  weeks  at  -16  C,  96  *3 
percent  of  the  CIF^O  was  complexed.  The  failure  of  all  the  CIF^O  to  be 
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complexnd  ia  atr.ributfid  to  poor  gaa  solid  contact  after  aJ  1  tlie  liquid 
CIF^O  has  reacted  because  the  Cs  CIF^^O  complex  has  a  negligible  vapor 
pressure  of  CIF^O  even  at  room  temperature. 

Because  cesium  oxychlorine  tetraf luoride  has  potential  utility  as  an  inter¬ 
mediate  in  the  synthesis  of  chlorosyl  fluoride  or  oxychlorine  pentaf luoride , 
its  thermal  stability  is  of  Interest.  Available  data  indicate  that  CIF^O 
can  be  completely  liberated  from  the  cesium  fluoride  complex  by  pumping 
for  several  hours  at  150  C.  However,  the  nature  of  the  complex  giving 
rise  to  CIF^O  in  this  reaction  vas  not  accurately  knotn  because  it  was 
the  result  of  the  fluorination  of  the  Cl20‘C3F  complex.  An  attempt  was 
made  to  thermally  dissociate  any  Cs^ClF^O  present,  leaving  the  b\y)roduct 
CIF^  in  the  complex  form  Cs'*^ClF^'".  Tiie  temperature  required  to  liberate 
CIF^O  completely  was  well  below  that  required  to  yield  CIF^  from  Cs^ClF^~ 
(Ref.  >i) ,  Yet,  evolved  CIF^O  vas  mixed  with  appreciable  amounts  of  CIF^. 
This  observation  might  be  indicative  of  the  retention  of  a  fluorinated 
ClOCl  moiety  such  as  Cs2ClFgO.  It  is  planned  to  check  this  possibility 
by  heating  a  mixture  of  the  independently  prepared  salts,  Cs  CIF^^O  and 

Cs^ClF,  ,  to  see  if  the  CIF,  9  evolved  in  this  case  ia  also  mixed  with 
4  j 

CIF^.  If  warranted,  additional  studies  with  X-ray  powder  diffraction  will 
be  carried  out. 

Reactivity  of  Oxychlorine  Trifluorine  With  Monel 


Previous  experiments  in  Monel  with  F^  showed  65-to  70-perccnt  ClF^O  re¬ 
covery  at  200  to  2C6  C  over  l6-hour  periods  (Ref.  2).  It  was  recently 
found  that  heating  CIF^O  with  CsF  to  200  C  in  Monel  for  3  days,  converted 
all  the  CIF^O  to  FClOg,  CIF,  and  CIF^.  These  conflicting  results  may  be 
the  result  of  the  formation  of  the  radical  which,  in  absejice  of 

fluorine,  reacted  with  an  incompletely  passive  .Monel  surface.  It  may  be 
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recalled  that  ]6-hour  exjieritneiUH  in  afainless  stefiJ  at  200  C  cave  oniv 
Cl,,  and  0^  (llef.  2)  In  the  nhsenre  of  fluorine.  It  is  poasihle  tluii 
uliile  FrjClO  is  a  hypothetical  precursor  to  FCIO^,  CIF^,  and  CIF  in  Mone)  , 
the  same  radical  could  give  01^,  and  0^  with  the  more  reactive  stainless 
steel . 

Oxvchlorine  Tril'luoride  Reactions  With  Acidic  and 
Basic  Fluorides 

The  ability  of  chlorine  trifluoride  to  form  complexes  with  both  alkali 
metal  fluorides  and  strong  Lewis  acids  has  been  demonstrated  with  oxy- 
chlorine  trifluoride  as  well.  In  addition  to  the  previously  reported 
reactions  with  boron  tri fluoride  and  arsenic  pentafluoride  (Ref.  2), 

CIF^O  reacted  with  both  phosphorus  pentafluoride  and  silicon  tetraf luoride 
to  form  solid  complexes.  Phosphorus  pentafluoride  formed  a  colorless 
1;1  complex  with  CJF^O,  which  had  less  than  20  mm  Hg  pressure  at  ambient 
terapeiature.  The  solid  could  be  moved  by  pumping  but  was  presumably  dis¬ 
sociate.!  in  the  gas  phase  because  no  infrared  spectral  differences  could 
be  seen  between  the  individual  components  and  the  vapor  above  the  complex. 
A  less  stable  complex  was  formed  when  CIF^O  and  SiF,^  were  mixed,  bhen 
equimolar  parts  were  brought  to  -80  C.  one  half  of  the  SiF,^  reacted. 

Lpon  the  addition  of  another  erjuivalont  portion  of  CIF^O,  the  balance 
of  the  Sil'j^  was  complexed  after  t enipoi-nturc  cycling.  The  vapor  pressure 
of  the  2;1  ClF^O-SiF^  mixture  was  measured  at  several  temperatures  be¬ 
tween  -80  and  lb  C  and  the  following  vapor  pressure/ temperature  equation 
was  obtained; 

logiopl.mm)  =  7.75  -  1545, -T  (7) 
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Tlie  fttithalpy  nnd  entropy  changes  for  the  process  (ciF^0)r,'SiI',  (soJid) — ^ 
2C1F_0  (gas)  +  SiF^  (gas)  were  calculated:  All  ~  22  kcal  ,  AS  ~  hj  e.u. 

An  estimation  of  the  enthaljn-  change  in  the  process  2C1F_0  (l)  +  SiF,^  (a)-^ 
(ClF^0)2SiF^^  (s,^  vas  made  fioni  the  heats  of  vaporization  and  sublimation 
of  CIF^O  and  SiF,^;  AH  ~  2  kcal.  The  complex  may  be  written  as  either 

(GlFr,b''‘)^SiF^^  or  C 1  F^O ►  Si F^^ - ►OCIF^.  Successive  portions  of  the 

complex  were  removed  at  -23  C.  Their  infrared  spectra  shoved  a  constant 
ratio  of  CIF^O  and  SiF^^  absorbances  indicating  a  1.9  mole  ratio. 


The  amphoteric  behavior  of  CIF^O  was  further  demonstrated  by  its  acidic 
reaction  with  nitrosyl  fluoride.  Apparently  two  complexes  are  formed, 
FNO’ClFjO  and  FNO‘2C1F^O.  The  former  complex  was  converted  to  the  latter 
by  pumping  at  -80  C.  A  vapor  pressure/ temperature  curve  was  obtained 
for  the  FNO'CIF  0  complex  from  -80  to  0  C: 


log^Q  p(mm)  =  8.4?  -  1623/T 


(8) 


The  heat  of  reaction  for  the  combination  of  the  liquids  FNO  and  CIF^O 
to  form  the  solid  complex  was  calculated  as  about  5  kcal/mole  of  complex 
from  the  heats  of  vaporization  of  the  liquids  and  the  above  equation. 


The  relatively  high  density,  1.9  g/cc,  and  heat  of  vaporization.  7-7 
kcal, mole,  of  CIF  0  (Ref.  2)  mav  be  indicative  of  the  existence  of 

dimeric  or  bridged  species  in  the  liquid,  e.g.,  CIF^-O-CIF^.  The  ad¬ 
dition  of  fluoride  might  then  result  in  the  formation  of  the  observed 

2:1  complex  NO^CIF, -0-^lF  . 

'‘5 


Mien  an  equimolar  amount  of  nitrosyl  fluoride  was 
complex  at  -80  G,C1F^0  was  liberated. 


added  to  the  C1F_0‘PF„ 
J  2 
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An  infrared  spectrum  of  the  products  volatiJe  at  room  temperature  shoved 
only  CIF^O  indicatinf^  the  follovino  reaction: 

FNO  (g)  -  C1F^0-PF„  (s) - ►NOPF^-  (s)  CIF^O  (l)  (9) 

Thus,  as  expected. C1F,0  is  a  veaker  base  to  PF_  than  is  FNO. 

3  0 

Oxychlorine  trifluoride  was  also  displaced  from  its  complex  with  a 
fluoride  base  by  using  another  acid.  Addition  of  CIF^  to  CsClF^^O  at 
ambient  temperature  liberated  CIF^O  according  to  the  equation: 

GIF  (g)  +  Cs'^ClF  0“(a) - ►Cs'^GlF  “(s)  +  C1F_0  (l)  (lO) 


This  confirms  CIF^  to  be  a  stronger  Levis  acid  than  CIF^O  toward  CsF. 


STLDIES  LEADING  TO  NE^'  OXIDIZEBS 

Attempted  Synthesis  of  Ox>'chlorine  Pentaf luoride 

Oxx'chlorine  trifluoride  provides  a  potential  intermediate  for  making 

both  chlorosyl  fluoride  and  oxx'chlorine  pentaf luoride.  By  analogy  with 

the  fluorination  of  Cs  GIF,  to  yield  GIF-,  the  fluorination  of  the 
+  _  '-t  ''  y 

complex  Cs  ClI',  0  would  be  expected  to  be  a  likely  route  to  the  new 

oxv'chlorine  fluoride,  CIF.O. 

0 


Cs  GIF,  0  +  - »-CsF  +  C1F_0 

4  2  9 


Experiments  with  increasingly  vigorous  conditions  of  temperature  and 
pressure  have  not  resulted  in  C1F_0  or  any  other  new  compounds. 
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Coi;dit,ion.5  imposed  thus  far  have  been  750  psi  at  50  C,  850  psi  at  100  C, 
and  1200  psi  at  160  C.  The  CIF^O  was  recovered  essentially  unclianged 
from  the  Monel  reactor  in  each  case. 


Another  possible  route  to  CIF^O  is  the  direct  fluorination  of  CIF.O  bv 

5  5 

KxF^  (Ref.  5)  at  1  ow  temperatures.  The  possible  uti'i'v  of  th'"  reaction 
is  indicated  by  the  recent  report  of  the  preparation  .  .  CIF^ 

and  KrFg  I, Ref.  6). 


GIF,  +  KrF„ - ►GIF-  +■  Kr 

3  2  p 


C1F,0  +  KrF^ — 2».c1F_0  +  Kr 
3  2  p 


Good  mixing  of  the  reactants  can  only  be  achieved  at  temperatures  above 
-63  C,  the  melting  point  of  CIF^O.  In  three  reactions  so  far  conducted, 
the  materials  were  allowed  to  warm  up  together  from  that  temperature  to 
ambient  temperature  over  several  hours.  No  evidence  was  found,  however, 
for  the  formation  of  any  new  materials.  The  KrF2  underwent  smooth  thermal 
decomposition  to  Kr  and  F_,  and  some  GIF,  contaminant  was  partially  con- 
verted  to  C1F_;  the  CIF^O  was  recovei-ed  quantitatively.  Additional  ex¬ 
periments  are  planned  using  shorter  warming  periods. 


Reduction  of  Florox 


The  nonvolatile  solid  formed  by  low-temperature  fluorination  of  the 
Gl„0-CsF  complex  has  been  heated  to  yield  C1F_0,  GIF  .  and,  on  three 

^  J  J 

occasions,  GIF  and  traces  of  an  unknown  species.  The  unknown  partially 
passed  through  a  -1 56  C  trap  in  a  vacuum  lirie.  The  two  bands  in  the 
rock  salt  region  were  observed  and  are  indicated  in  Pig.  1.  -Additional 
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intliujs  utJiu  iiuLt,‘i.I  u  L  ».j'*  j,  u  ,  vjiN»  y  «i  pUMsiluit;  /»  turn  J>iJHJSiUiV  a  (.  -lu  j  i;iu 

This  uiiknov,Ti  may  be  a  nev  F,  Cl,  0  compound  and  specifically  may  be  FCIO. 
Moss  spectrometric  examination  of  a  sample  containing  the  unloiovn  yiolried 
no  information.  Three  attempts  to  obtain  the  unknown  by  methuthetical 
displacement  by  CIF^  were  unsuccessful: 


•Cs  F2CIO.  +  CIF^- 


•Cs  CIP,  +  PCIO 
'1 


Because  only  traces  of  the  new  material  were  found  thus  far,  several  new' 
approaches  have  been  utilized  in  the  search  for  this  elusive  material. 
The  concomitant  presence  (or  absence)  of  CIP  suggests  sjTithesis  of  the 
unknown  and  CIF  by  a  simultaneous  degradation  of  Cs^ClF^O  and  Cs^ClF^^ 
complexes  by  incomplete  fluorination  of  the  ClgO-CsF  complex.  Routine 

f luorinations  of  the  ClnO'CsP  complex  to  C1F,0  and  ClF,  have  utilized 

•-  3  5 

3:1  F^iCl^O  ratios.  Intentional  underfluorination  to  FCIO  and  CIF  would 
require  a  F  :C1  0  ratio  of  1:1  according  to  the  equation; 


Cl^O-CsF  t  F^- 


•PCIO  +C1P 


The  incomplete  fluorination  nt  -80  C  yielded  CIF^O  and  much  unreacted 
ClrjO  but  only  traces  of  the  unknown.  Apparently  once  the  Cl,^0-CsF  com- 

^  A. 

plex  wins  initially  attacked  by  it  was  oxidized  all  the  way  to  CIF^O 
and  CIF,. 


Another  approach  to  the  synthesis  of  FCIO  involves  reaction  of  ClF^O 
with  appropriate  reducing  agents.  With  the  reducing  agent  Cl^O,  FCIO 
could  arise  as  an  oxidation  product  as  well  as  a  reduction  product: 


CIF  0  +  Cl  0- 


.2FC10  +  CIF 
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Thus,  loca]  excesses  would  present  less  of  a  problem.  The  evperimpni 
was  I'un  with  equimolar  amounts  of  reactants  held  at  ambient  temperature 
in  Monel  for  3  days.  While  all  of  the  reacted,  only  half  of  the 

CiF^O  was  used.  The  products  were  FCIO,^,  smaller  amounts  of  GIF,  some 
chlorine,  but  no  noncondensibl 03.  Either  EXllO  did  not  form  or  dispro- 
portionated  according  to  the  equation: 

2PC10 - ►FCIO^  +  GIF  (17) 

Milder  reaction  conditions,  such  as  shorter  reaction  time,  lower  tempera¬ 
tures,  and  complexed  reactants  are  indicated  for  future  experiments. 
Further  reaction  or  disproportionation  of  any  FGIO  formed  may  be  reduced 
by  complex  formation  as  well. 

The  reaction  of  sulfur  dioxide  with  CIF^O  was  carried  out  between  SO 
and  k3  C  in  hopes  of  fluorinating  SOg  to  SO^F^  and  forming  FCIO,  The 
major  reaction  products  were  SOF^  and  FCIO^  with  minor  amounts  of  SO^Fg. 
However,  an  overall  decrease  in  the  pressure  of  the  system  of  20  percent 
suggested  some  coupling  or  formation  of  a  less  volatile  species.  In¬ 
frared  absorptions  at  1485,  1240,  880,  and  835  cm  ^  indicated  tlie  pre.sence 
of  SF^  (so  F),,  (Ref.  7).  Fluorination  of  this  material  by  F,,  resulted  in 
S,^0^F,^  and  SF^.  No  Cl-F  absorptions  above  66O  cm  were  seen. 

The  reaction  of  bromine  trifluoride  and  oxychlorine  trifluoride  gave  no 
new  products.  Bromine  and  oxychlorine  trifluoride  in  a  1:3  mole  ratio 
were  reacted  by  slow  warming  from  -80  C  in  anticipation  of  the  following 
result : 


Br^  +  3C1F^ - ^2BrF^  +  3FC10 


(18) 
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ClUoriiie,  cliloryl  fluoriric,  and  some  uiireacted  oxychlorine  tri  fluoride 

were  recovered.  Vo  o.idence  for  BrF_  or  FTIO  was  obtained.  The  I'ailur- 

■) 

to  obtain  FCIO  may  have  been  caused  by  its  reaction  with  bromine.  Ther.- - 
fore,  BrF.j  was  tried  as  a  reducin';  reagent: 

C1F,0  +  BrF, - ^FCIO  +  BrF.  (l9) 

3  3  J 

Bromine  trifluoride  and  oxychlorine  trifluoride  did  not  eact  at  room 
temperature.  Higher  temperatures  may  produce  the  desired  reaction. 


Attempted  S\Tithcsis  of  Oyybromine 
Fluorides  by  Fluoriuation  of  BrgO 


On  the  basis  of  analogy  with  the  ClgO  system,  it  was  expected  that  Br,,0 
represents  a  likely  starting  material  for  the  preparation  of  the  unknot,ii 
BrF^O  and  Br''.0  compounds.  Because  of  the  high  melting  point  of  Br,^0 
and  thermal  instability  above  the  melting  point,  the  required  CsF  complex 
was  formed  using  Freon  11  as  a  solvent  for  Br^O.  The  complex  was  obtained 
after  removal  of  the  solvent  and  has  been  utilized  for  several  fluorina- 
tion  reactions  now  in  progress  at  -50  C.  One  part’ ally  completed  exper¬ 
iment  has  .“hevn  that  nearly  all  the  added  fluorine  was  consumed.  The 
only  volatile  products  observed,  however,  were  Br.,  and  BrF-.  Vo  BrF_ 
would  be  expected  because  it  fortr.  ■  stable  complex  with  CsF.  Vo  new 
species  were  noted  but  this  was  no.  particularly  discouraging  because 
BrF^O  and  possibly  BrF-0  could  be  present  as  solid  CsF  complexes.  Therm-i  : 
dissociation  of  these  solids  is  scheduled.  The  formation  of  BrF  in 
good  yield  was  promising  and  may  indicate  the  follo\xing  reactioji; 


Br_0*CsF  +  ^F^  =  BrF_  +  BrF  O'CsF 
2  2  D  J 


(20) 
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Sucress  in  the  CsF-cutaly/etl  low-temperature  fluorination  of  carbon 
dioxide  suggested  that  the  isoel ectronic  molecule  N^O  might  also  be 
fluorinated  under  similar  conditions.  The  fluorination  of  N'^O  0''er  dry 
powdered  CsF  was  carried  out  in  hopes  of  synthesizing  new  K,  P,  0  com¬ 
pounds.  The  vapor  pressure  of  ever  CsF  shoved  no  deviation  from 
XgO  itself  over  the  temperature  range  over  which  NgO  exists  as  a  liquid. 
The  acidity  of  N^O  is  apparently  insufficient  to  form  u  CsF  complex. 
Fluorination  of  the  N'gO-CsF  mixture  at  -80  C  for  3  days  resulted  in  no 
reaction. 


Cesium  Fluoride-Chlorine  Monoxide  Complex  Studies 

The  alkali  metal  complexes  of  C1_C  and  Br_0  represent  a  new  class  of 
compounds.  The  stoichiometry  and  structure  of  these  compounds  are  of 
interest  not  only  because  of  their  unique  nature  but  also  because  they 
may  provide  an  insight  into  the  paths  leading  to  the  formation  of  oxj’- 
halogen  fluorides  upon  fluorination.  An  investigation  of  the  cesium 
fluoride-chlorine  monoxide  system  was  undertaken  to  determine  the  stoich¬ 
iometry  and  stability  of  complexes.  The  ratio  of  Cl^O  to  CsF  was  found 
to  be  variable,  decreasing  with  increased  temperature,  pumping,  and 
duration  of  the  experiments.  Moreover,  the  ratios  were  not  reproducible. 
Large  excesses  of  Cl^O  were  held  over  CsF  at  -80  C  for  17  days  and  longer 
and  then  pumped  overnight  to  remove  uncomplered  01,^0.  The  resultant 
ratios  were  1.52,  0.82,  and  0.25  during  three  separate  experiments  under 
these  conditions  and  point  out  the  nonreproducible  surface  conditions 
and  degree  of  contact  during  formation  of  Cl,^0‘CsF  complexes.  The  pres¬ 
sure  of  ClgO  above  such  complexes  was  less  than  h  mm  at  -25  C. 
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In  the  course  of  preparing  Cl^O  fr  i!^  yellow  HgO  and  Cl^,  it  was  observed 
that  at  “80  C  there  was  some  corajduxing  between  the  generated  Cl^O  and 
the  residual  mercury  salts.  To  determine  if  this  complexing  is  caused 
by  HgClg  or  hypochlorite  formation,  several  experiments  were  conducted 
on  the  possible  reaction  of  HgClr,  and  01^,0  at  -80  C.  The  initial  ex- 
periment  indicated  that  there  was  some  complexing  and  furthermore  that 
the  ClgO  was  converted  partially  to  Cl^.  Additional  effort  and  experi¬ 
ments  failed  to  duplicate  this  first  result  and  shoved  no  complexing 
or  roaction  between  these  materials.  Therefore,  the  observed  complexing 
of  CI2O  in  its  s>'nthesis  from  HgO  remains  unexplained. 

X-ray  powder  analysis  of  the  solid  product  formed  by  reaction  of  HgO  with 
excosB  Clg  shoved  only  lines  corresponding  to  HgClg.  Although  the  pos¬ 
sibility  of  amorphous  or  isomorphous  mercury  hypochlorite  exists,  appar¬ 
ently  the  only  important  reaction  with  excess  chlorine  is: 

HgO  +  201^ - ►HgClg  +  ClgO  (21) 

The  unusual  behavior  of  the  solid  product  (i.e.,  turning  brown  and 
evolution  of  chlorine)  may  be  attributed  to  complexes  with  Clg  or  01^0, 
or  amounts  of  products  otl.er  than  HgCl,^  too  small  to  be  observed  by 
simple  X-ray  powder  analysis. 
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DCPeilMENTAL  EFFORT 

PREP.-UIATION’  OF  Cl^O 

The  details  of  the  nev  static  method  for  preparing,  Cl^O  have  been  pre¬ 
sented  previously  (Ref.  2).  With  the  earlier  dynamic  method  it  vas 
necessary  to  use  freshly  prepared  yellow  HgO.  Daring  this  period,  how¬ 
ever,  it  was  determined  that  the  static  method  is  efficient  enough  to 
permit  the  use  of  commercial  yellow  HgO.  l^liile  the  yields  of  CI2O  fire 
not  quite  as  high  as  those  achieved  with  the  fresh  HgO,  they  are  never¬ 
theless  quite  good;  i.e,,  90-  to  97“Porcent  ClgO  using  either  1:1  or  2:1 
HgO  to  Cl„  mole  ratios.  This  compares  to  95+  percent  with  fresh  HgO. 
Using  the  flow  technique,  the  commercial  material  produces  only  a  20-  to 
25-percent  conversion  of  the  CI2  to  ClgO.  Therefore,  if  desired,  the 
preparation  of  fresh  HgO  may  be  avoided  with  only  minimal  loss  of  effici¬ 
ency  in  the  conversion  using  the  static  technique. 

PREPARATION  OF  KrF^ 

Krypton  difluoride  was  prepared  by  circulating  an  approximately  1:1  molar 
mixture  of  Kr  and  Fg  through  an  electric  discharge  reactor  cooled  to 
-I96  C.  The  apparatus  and  technique  are  nearly  the  same  as  that  reported 
in  the  literature  (  Ref.  5).  Changing  the  temperature  of  the  discharge 
tube  to  -80  C  resulted  in  no  reaction. 
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Thenuttl  dissoclution  of  KCll'/jO  occurred  belov  ombient  temporature  vhile  heating 
was  required  to  dissociate  CaClF^O.  Oxychlorine  trifluoride  has  also  been  pre- 
pared  from  chlorine  nitrate  in  a  95+  percent  yield  by  fluorination  of  the  complex 
CeClFONOo.  The  reaction  was  independent  of  the  presence  of  K2O/,.  Glow  discharge 
experiments  at  -I96  C  with  solid  CloO  ond  activated  fluorine  gas  have  resulted  in 
small  quantities  of  ClF'^0,  hut  GIF-  and  FClOr)  were  the  major  products.  The  Indro- 
lysis  of  CIF5  with  potassium  fluoride  dihydrate  and  excess  potassium  fluoride  was 
carried  out  in  a  flow  system.  No  CIF3O  was  obtained.  The  ratio  of  CsF  to  CIF^D 
in  this  complex  has  been  determined  to  be  1.15  when  using  excess  CIF3O.  Experi¬ 
ments  with  excess  CsF  also  demonstrated  nn  incomplete  attainment  of  stoichiometry , 
indicating  unfavorable  kinetics  for  the  reaction.  Reversible  dissociation  of  the 
complex  occurs  belov  I5O  C.  Oxychlorlne  trifluoride  was  disjilaced  from  its  CsF 
complex  by  CIF3  and  from  its  FF3  complex  witli  ITsO.  Vapor  pressure,' temperature 
equations  for  the  CIF^O'FNO  and  (ClF30)2SiF;j  complexes  wore  obtained.  The  syn¬ 
thesis  of  CIF5O  was  attemnted  by  the  fluorination  of  C8C1F;,0  and  by  the  rour/tion 
of  Krl’a  with  CJF3O.  Partial  fluorination  of  Cl2()»CaF  was  investigated  as  a  route 
to  chlorosyl  fluoride  and  gave  only  traces  of  an  unidentified  substance  thouglit 
to  bo  FCIO.  The  reduction  of  CIF3O  as  a  posslblo  route  to  FCIO  was  tried  witli 
the  reducing  agents  CloO,  802,  Dr2 >  and  RrF3.  The  complex  of  DroO  and  CsF  has 
boon  fluorinatod  in  hopes  of  forming  BrF30  or  BrFqO.  (c) 
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